Materials and Methods

Genome Sequencing
We applied a whole genome shotgun strategy and next-generation sequencing technologies using an Illumina HiSeq 2000 platform to sequence the genome of an individual adult male P. alecto and an individual adult male M. davidii. In order to lower the risk of non-randomness, we constructed 26 paired-end libraries sequenced on 26 lanes, with insert sizes of about 250 base pairs (bp), 500 bp, 800 bp, 2 kb, 5 kb, 10 kb and 20 kb. In total, we generated about 219.7 Gb (109.8x coverage) of high quality sequence for the P. alecto assembly, and 237.2 Gb (118.6x coverage) for the M. davidii assembly after filtering out low quality and duplicated reads.
Estimation of genome size using k-mer analysis A k-mer refers to an artificial sequence division of K nucleotides iteratively from sequencing reads. A raw sequence read with L bp contains (L-K+1) k-mers if the length of each k-mer is K bp. The frequency of each k-mer can be calculated from the genome sequence reads. Typically, k-mer frequencies plotted against the sequence depth gradient follow a Poisson distribution in any given dataset; whereas sequencing errors may lead to a higher representation of low frequencies. The genome size, G, can be calculated from the formula G=K_num/K_depth, where the K_num is the total number of k-mer, and K_depth denotes the frequency occurring more frequently than the other frequencies. For P. alecto, K was 17, K_num was 109,947,848,797 and the K_depth was 55, so the P. alecto genome size was therefore estimated to be 2.00 Gb. For M. davidii, K was 17, K_num was 58,299,340,851 and the K_depth was 30, so the M. davidii genome size was therefore estimated to be 1.94 Gb.
Genome assembly
The genome was de novo assembled by SOAPdenovo (25) (http://soap.genomics.org.cn), a novel short-read assembly method that employs the de Bruijn graph algorithm in order to both simplify the task of assembly and reduce computational complexity. First, reads with low quality or with potential sequencing errors were removed or corrected by k-mer frequency based methodology. After these quality control and filtering steps, a total of 219.7 Gb (109.8x coverage) data were retained for the P. alecto assembly, and 237.2 Gb (118.6x coverage) data were retained for the M. davidii assembly. SOAPdenovo first constructs the de Bruijn graph by splitting the reads from short insert size libraries (250-800 bp) into 41-mers and then merging the 41-mers; contigs which exhibit unambiguous connections in de Bruijn graphs are then collected. All reads were aligned onto the contigs for scaffold building using the paired-end information. This paired-end information was subsequently used to link contigs into scaffolds, step by step, from short insert sizes to long insert sizes. Some intra-scaffold gaps were filled by local assembly using the reads in a read-pair, where one end uniquely aligned to a contig while the other end was located within the gap. For P. alecto, the final total contig size and N50 were 1.99 Gb and 25.7 kb, respectively. The total scaffold size and N50 were 2.03 Gb and 15.8 Mb, respectively. For M. davidii, the final total contig size and N50 were 1.91 Gb and 13.2 kb, respectively. The total scaffold size and N50 were 2.09 Gb and 3.39 Mb, respectively.
To access assembly quality, approximately 40x high quality short insert size reads that satisfied our filtering criteria were aligned onto the assembly using Burrows-Wheeler alignment (BWA) (26) with parameters of -t 1 -I. For the P. alecto assembly, a total of 87 Gb (or 43X) high quality reads were used of which 93.6% reads could be mapped covering 98.42% of the assembly, excluding gaps. Moreover 95.86% of the assembly was covered by more than 10 reads, and about 91.3% of all the mapped reads were properly paired with a reasonable insert size associated with the built library, resulting in a high quality assembly with high completeness and accuracy. For assembly of the M. davidii genome, a total of 81 Gb (or 40X) high quality reads were used of which 91.28% reads could be mapped and they covered 98.45% of the assembly, excluding gaps. Moreover 93.35% of the assembly was covered by more than 10 reads, and about 85.88% of all the mapped reads were properly paired, resulting in a high quality assembly.
Heterozygosis analysis
We aligned all high quality short insert size reads to the assembly using BWA (26) with parameters -t 1 -I. Since the alignment results were stored in BAM/SAM (Sequence Alignment/Map) format, SAMtools, which is based on the Bayesian model, was selected for variation analysis (27) . After sorting alignments by leftmost coordinates and removing potential PCR duplicates, we used SAMtools pileup to call SNPs and short InDels. We rejected single-nucleotide polymorphisms (SNPs) and insertions and deletions (InDels) within reads with depth either much lower or much higher than expected, since large copy number variation might lead to miscalling of SNPs. The sequencing depth ranged from 4 to 120, and the upper limit was about treble the sequencing depth. The SNP-miscalling caused by alignment around short InDels and low-quality sequences were removed. We applied samtools.pl varFilter as the filtered tool, which can be found in the SAMtools package, with parameters -Q 20 -q 20 -d 4 -D 120 -S 20 -i 20 -N 5 -l 5 -W 5 -N 1.
Repeat annotation
We employed the software Tandem Repeats Finder (TRF) (28) to identify tandem repeats. RepeatMasker (29) was used to identify and classify transposable elements (TEs) by aligning the bat genome sequences against a library of known repeats, Repbase, with default parameters. RepeatModeler (30) was employed in de novo identification of repeats. All repeats obtained by various methods were combined together to form a non-redundant list of bat repeats.
Endogenous viral elements (EVE)
Chromosome and whole genome shotgun assemblies of 41 species, including P. alecto and M. davidii were screened in silico using tBLASTn (31) and a library of representative peptide sequences derived from viruses (selected from the 2009 International Committee on Taxonomy of Viruses (ICTV) master species list:
http://talk.ictvonline.org/files/ictv_documents/m/msl/1231.aspx) (Table S8) . Host genome sequences spanning high-identity (E-values < 1e -5 ) matches to viral peptides were extracted, and a putative viral gene structure in host genome was inferred using GeneWise (32). Putative EVE peptides were then used to screen the GenBank non-redundant (nr) database in a reciprocal BLASTp search. Matches to viral cloning vectors and non-metazoa were filtered and discarded. Remaining sequences were considered viral (and referred to as endogenous viral elements, EVEs) if they unambiguously matched viral proteins in the nr and PFAM databases (33) . Putative EVE sequences were aligned with closely related viruses using MUSCLE and manually edited (34) . The phylogenetic tree was constructed using the Maximum likelihood (ML) method (35) . The reliability of interior branches in the phylogenetic tree was assessed by the bootstrap method.
Gene annotation
To predict genes in the bat genome, we used both homology-based and de novo methods, and RNA-Seq data was also incorporated. For homology prediction, H. sapiens (human), M. musculus (mouse), C. familiaris (dog), E. caballus (horse) and B. taurus (cattle) proteins were downloaded from Ensembl (release 64) and mapped onto the bat genome using tBLASTn (31) . Then, homologous genome sequences were aligned against the matching proteins using GeneWise (32) . To define gene models, the predicted bat genes with an align ratio less than 50% and identity of less than 50% to their source proteins were further filtered since they may be due to prediction errors, and potential retro copies with only one exon and many frameshifts or premature stops were also filtered since they may be pseudogenes. This resulted in only high quality bat homolog gene sets used for downstream analysis. For de novo prediction, Augustus (36) and Genscan (37) were chosen for coding gene prediction using appropriate parameters, with gene model parameters trained for bat homologs obtained by human gene prediction. We also incorporated RNA-Seq data for both bats to improve the quality of the gene set. All RNA-Seq data was obtained from separate independent studies. For P. alecto and M. davidii, 13.5 Gb and 12.3 Gb of data respectively was mapped to their corresponding genome using TopHat (38) , and transcriptome-based gene structures were obtained by cufflinks (http://cufflinks.cbcb.umd.edu/). Finally, homology-based, de novo derived, and transcript gene sets were merged to form a comprehensive and non-redundant reference gene set using GLEAN (http://sourceforge.net/projects/glean-gene/).
To modify and evaluate our gene set, we compared the gene models of GLEAN genes and their original annotation method (homolog, de novo or RNA-Seq). If GLEAN genes had homolog, de novo or RNA-Seq support covering at least 50% length of the exon; they were identified as having this kind of supporting evidence. If GLEAN genes had homolog or RNA-Seq-based supporting evidence they were fixed in the final gene sets. If GLEAN genes only had de novo based evidence, we further filtered them, keeping only those with RPKM (reads per kilobase per million mapped reads) > 5 and transcriptome coverage >50%, using the RNA-Seq gene models to replace the GLEAN gene model. The final gene set contained 21,392 genes for P. alecto and 21,705 for M. davidii. Approximately 50% of genes were supported by all three types of evidence, while more than 85% of genes were supported by at least two types of evidence, confirming high quality gene sets.
Gene family clustering
A gene family is a group of similar genes descended from a single gene in the last common ancestor of the targeted species. In this study, we used the TreeFam methodology (39) to define gene families in ten mammalian genomes (P. alecto, M. davidii, H. sapiens (human), M. mulatta (rhesus macaque), M. musculus (mouse), R. norvegicus (rat), C. familiaris (dog), F. catus (cat), B. Taurus (cattle) and E. caballus (horse)). We carried out the same pipeline and parameters that we used in our previously published work (40, 41) . In total, we obtained 11,957 gene families of which 2,492 are single-copy orthologous families.
Gene family expansion and contraction
Gene family expansion analysis was performed by CAFE (42) . In CAFE, a random birth and death model was proposed to study gene gain and loss in gene families across a userspecified phylogenetic tree. A global parameter λ (lambda), which described both gene birth (λ) and death (μ = -λ) rate across all branches in the tree for all gene families was estimated using maximum likelihood. A conditional p-value was calculated for each gene family, and families with conditional p-values less than 0.05 were considered to have a significantly accelerated rate of expansion and contraction
Phylogenetic analysis
We constructed a phylogenetic tree of the two bats and 8 other sequenced mammalian genomes (P. alecto, M. davidii, H. sapiens (human), M. mulatta (rhesus macaque), M. musculus (mouse), R. norvegicus (rat), C. familiaris (dog), F. catus (cat), B. Taurus (cattle) and E. caballus (horse)). 2,492 single-copy orthologous gene families (as described above) were used to reconstruct the phylogenetic tree. CDS sequences from each single-copy family were aligned guided by MUSCLE alignments of protein sequences and concatenated to one super gene for each species. Codon1, 2, and 1+2 sequences were extracted from CDS alignments and used as input for building trees, along with protein and CDS sequences. Then, RAxML (43) was applied to build phylogenetic trees under GTR+gamma for nucleotide sequences and JTT+gamma model for protein sequences. 1,000 bootstrap replicates were employed to assess the branch reliability in RAxML, and all the results supported bats and horse clustering together (Fig. S5 ). To further evaluate the accuracy of this phylogeny, we used Bayesian method under GTR+gamma for nucleotide sequences and JTT+gamma model for protein sequences to build the phylogenetic trees, and 1,000 bootstrap replicates were also taken. Again, all the results supported bats and horse as sister taxonomy (Fig. S6) , proving the reliability of this phylogeny.
Divergence time estimation
The sequences of 2,492 single-copy gene families of 10 mammals (as described above) were concatenated and preprocessed for estimating divergence times based on the topology obtained in the phylogenetic analysis. PAML mcmctree (44) was used to determine split times with the approximate likelihood calculation method. PAML baseml (45) was firstly taken to compute the alpha parameter under REV substitution model and substitution rate per time unit. Then the gradient (g) vector and Hessian (H) matrix were estimated, which described the shape of the log-likelihood surface around MLE of branch lengths. When performing estimation, "Correlated molecular clock" and "REV" substitution model were selected. The gamma prior for the overall substitution rate was described by shape and scale parameters which were set as 1 and 11.9 respectively, calculated according to the substitution rate per time unit. The alpha parameter for gamma rates at sites was set as that computed by baseml in the first step. The MCMC process of PAML mcmctree was run to sample 1,000,000 times, with sample frequency set to 50, after a burn-in of 5,000,000 iterations. "Finetune" parameters were set as "0.00356, 0.02243, 0.00633, 0.12, 0.43455" to make acceptance proportions fall in the interval (20%, 40%). Other parameters were set as default. Tracer (http://beast.bio.ed.ac.uk/) was applied to check convergence. Also, two independent runs were performed to confirm convergence.
Positive selection analysis
For the positive selection analysis, all related genes of other species were downloaded from Ensembl release 64. MUSCLE (34) was used for multi-protein sequence alignment among bat genes and their orthologs, using the human proteins as the reference. An alignment with more than 10% gaps or less than 60% identity between each protein and its human ortholog was identified as false, in case they were from a different form of transcript or false annotation. The human protein was then used to call the homolog in the associated genome to identify the correct form of transcript needed, replacing the previous sequence in the alignment. For new alignments that still could not pass our filtering threshold, manual annotation/checks were performed. After we confirmed that all the proteins from all the species were in the same transcript form, we scanned the alignment exon by exon. Those with more than 10% gaps or less than 60% identity were manually checked against the genome sequences to validate whether these polymorphisms were real or caused by annotation errors, with falsely annotated exons removed from the alignment. After all these filtering processes, high quality alignments of protein sequences were retained and their alignments of associated codon sequences were used for further analysis.
To examine the selective constraints on candidate genes, we estimated the rate ratio (ω) of nonsynonymous to synonymous nucleotide substitutions using PAML (46) . After high quality alignments of related sequences were obtained, as above, we compared a series of evolutionary models in the likelihood framework using the species tree of these mammals. Branch model (47) was used to detect the average ω across the tree (ω 0 ), ω of appointed branch to test (ω 2 ) and ω of all other branches (ω 1 ) with the following parameter settings: Codonfreq=2, kappa=2.5, initial omega=0.2. Then chi-square test were used to check whether ω 2 was significantly higher than ω 1 and ω 0 , which implies that these genes may be fast changed or fast evolved in the appointed branch. After obtaining potential positively selected genes (ω 2 > ω 1 and p value < 0.05), we performed a final manual check of the alignment to confirm our results.
To examine selective constraints on flight and immune related genes, we aligned sequences from P. alecto and M. davidii with their counterparts in seven other mammals: H. sapiens (human), M. mulatta (rhesus macaca), M. musculus (mouse), R. norvegicus (rat), C. familiaris (dog), B. taurus (cattle) and E. caballus (horse). 71 out of 141 candidate flightrelated genes, 37 out of 61 candidate innate immune-related genes and candidate 22 out of 22 DNA damage /DNA repair-related genes were defined as full orthologs across the 9 species (after excluding sequence errors and false alignments) and therefore suitable for positive selection analysis. We compared ω of the bat branch (ω2) with ω of all other branches (ω1) to identity genes under positive selection in the bat ancestor. For immune-related genes and DNA damage-related genes we also compared ω of each bat branch individually with ω of all other branches to identify genes under positive selection in P. alecto or M. davidii, respectively.
For hibernation-related genes, we selected four hibernating mammals: M. davidii, E. europaeus (hedgehog), M. murinus (mouse lemur) and S. tridecemlineatus (thirteen-lined ground squirrel), and eight non-hibernating mammals: P. alecto, H. sapiens (human), M. mulatta (rhesus macaca), M. musculus (mouse), R. norvegicus (rat), C. familiaris (dog), B. taurus (cattle) and E. caballus (horse). From 45 initial candidates, 27 full orthologs among the 12 species were identified. We then estimated the value of ω for each specified group of lineages: ω1 for non-hibernating mammals and ω2 for hibernating mammals, and identified genes that showed significantly greater ω in the hibernating group, which can be interpreted as convergent evolution.
For echolocation-related genes, we aligned sequences from M. davidii with counterparts in eight non-echolocating mammals: P. alecto, H. sapiens (human), M. mulatta (rhesus macaca), M. musculus (mouse), R. norvegicus (rat), C. familiaris (dog), B. taurus (cattle) and E. caballus (horse). We identified 60 full orthologs among 88 candidate genes, and compared ω of the M. davidii branch (ω 2 ) with ω of all other branches (ω 1 ) to identify genes under positive selection in M. davidii. 
Fig. S4
Phylogenetic relationships of SaHV endogenous viral elements. A novel element derived from Saimiriine herpesvirus 2 was identified within the genome of P. alecto and subsequently in other species. Elements grouped under "Pteropid bats" consist of sequences from both P. alecto and P. vampyrus. Phylogenetic analysis shows that post-integration expansion has occurred. Support for the ML phylogenetic tree was evaluated using 1,000 nonparametric bootstrap replicates. MDA_GLEAN_10000008 --------------------- davidii BSSL gene copies suggest they have lost dependence on bile salt for activation, meaning that they would no longer be restricted to functioning in the gut, while mutations in the inhibitory loop structure suggest diversification of substrate specificity. These changes may be related to lipid metabolism during hibernation (48, 49) . (23), while V1 has not been previously described and is discussed in the text. The indel represents a minor length variation of the FOXP2 polyglutamine tract that is not unique to M. davidii. 
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